Scotland has emerged as a focal point for innovative alternatives to TFM (Werritty, 2006; Holstead et al., 2015; Rouillard et al., 2015) . Currently missing from this discourse are the opinions of expert decision makers, which we contribute through analysis of expert knowledge-practices. We use the idea of 'framing' (Donaldson et al., 2013) as a way of analysing the co-production of knowledge-practices (Jasanoff, 2004) , which reinforce a particular form of flood management to the exclusion of what sits outside that framing.
Framing enables analysis of the underlying values, assumptions, arguments, and ideas relative to the practices of flood management, as perceived by decision makers. We use tension between sustainable flood management (SFM) and TFM as an entry point (Werritty, 2006) , with the effectiveness of natural flood management (NFM) a debate that links these two framings. We situate our analysis amongst recent debate over the sometimes rapid evolution of flood management (Johnson and Penning-Rowsell, 2010; Johnson et al., 2005; Lane et al., 2013; Penning-Rowsell et al., 2014) , demonstrating how a dominant framing co-opts an emerging alternative. We conclude that the fundamental change of a sustainable approach (SFM), which is implicit in the use of natural features for flood management (NFM), is made to conform through practices and expectations associated with pre-existing technical management (TFM).
A predisposition towards technical 'fixes' within the flood management community has been exposed and attacked: in policy (DEFRA, 2004; Environment Agency, 2009; Scottish Executive, 2009; Scottish Government, 2011; Pitt, 2008; DEFRA, 2008) , amongst non-governmental analyses and reports (Institution of Civil Engineers, 2001; WWF, 2007a; WWF, 2007b; Cook et al., 2013a) , within academic research (Dawson et al., 2011; Lane et al., 2011a; Pardoe et al., 2011; Werritty, 2006; Landstroem et al., 2011; O'Connell et al., 2007; Rouillard et al., 2013; Rouillard et al., 2015) , and through direct experience (Glasgow 2002 , English Midlands 2007 , Cockermouth 2009 , Somerset levels and southern England October 2013 to February 2014). Broadly, this amounts to questioning the prevailing interpretation of what flood management should be, how it should be assessed, and, therefore, how it should be practiced. This discourse implies, and in some cases explicitly calls for, a reframing or re-imagining of flood management (Lane et al., 2011a) . Werritty (2006) , early to recognise this trend, argued that a 'seismic shift' is taking place in which the "wellestablished reliance on structural defences [i.e., technical flood management] is being questioned and cheaper and more sustainable alternatives are being sought". Ten years following Werritty's analysis, we contribute to this debate through engagement with a small number of influential experts tasked with reconciling evolving demands with preexisting knowledge-practices, using the Scottish Borderlands as a case.
Over the last seven years Scottish flood management has evolved rapidly.
Philosophically, the Scottish government has endorsed a sustainable approach, in which schemes "must be developed with consideration of catchment processes and characteristics, making all reasonable and practical efforts to enhance the (urban and rural) landscapes' natural ability to slow and store flood water" (Scottish Executive, 2009 (Rouillard et al., 2013; Holstead et al., 2015; Rouillard et al., 2015; Kenyon and Langan, 2011) our analysis helps to explain the persistence of technical flood management. We show that while arguments in favour of sustainability are persuasive, numerous factors belie the ease with which such fundamental change occurs.
[insert Box 1 here]
The co-production of different forms of flood management
The co-production of knowledge-practice Despite widespread acceptance that floods are socio-ecological hazards, management remains biased towards the physical nature of rivers and floodplains (Lane et al., 2011a; Wescoat and White, 2003; White, 1945; Purseglove, 2015) . Whether labelled as technical, scientific, normal, linear, objective, dominant, or as an accounting calculus, floods and their management tend to be interpreted in a specific way that, in turn, shapes
what counts and what does not count. This relationship is elsewhere described as the coproduction of knowledge-practice (Jasanoff, 2004; Landstroem et al., 2011) , in which the range of imaginable alternatives is constrained. Co-production helps to make explicit the mutually-constituted nature of a framing, which combines assumptions, aims, expectations, studies, and knowledge production with the practices that result from that framing (i.e., dams, embankments, canalisation, but also education campaigns, newspaper editorials, and political activities). The interplay between competing forms of flood management is complex, requiring analysis of the knowledge claims that persist (Whatmore, 2002; Cook et al., 2013b) .
Persistence is important given the normalisation of 'knowledge-practice' (Foucault, 1977) in which: "power is most effective and most insidious where it is 'normalised'; where self-expectation, self-regulation, and self-discipline generate compliant subjects who by their own thought, words, and deeds actively reproduce hegemonic assemblages without being 'forced' to do so" (Kesby, 2005) . It is the normalisation of TFM, the tensions that arise with SFM, and the materialisation of this tension through attempts to implement NFM that is central to this analysis.
The establishment of technical flood management
As a dominant framing, technical flood management originated with the US Army Corps of Engineers' adoption and export of large-scale technical infrastructures (Wescoat and White, 2003; White, 1945) . While technical practices predate this era, for instance in the Netherlands and lowland UK (Purseglove, 2015) , TFM became dominant in the 20 th century as governments and publics became accustomed to the benefits associated with the physical control of catchments, particularly the profits enabled. Technical flood management can be said to have become dominant, not simply due to its practices, but because of the framing, what is elsewhere termed an 'imagining' (Lane et al., 2011a) or 'logic' (Barry et al., 2008) .
A paradigm arose, with associated disciplines, disciplining, and disciples (Kuhn, 1962; Barry et al., 2008) , which affirmed and reaffirmed the practices, policies, and existing knowledge of TFM. This deflected critiques by shaping what to count, consider, and admit into the discourse. During this period, earlier efforts to adjust human behaviour to accommodate environmental variability (Wescoat and White, 2003; White, 1945) were replaced with faith in the control of the natural environment (e.g., dams and embankments). Flood management was re-framed as the 'control of rivers' through technical interventions. This marked a fundamental transformation. Success allowed TFM to proliferate, becoming similarly dominant in the UK (Johnson and Priest, 2008 ; 5 Parker, 1995; Purseglove, 2015) . With control of rivers as the central objective and approach to flood management, the experts in charge were the engineers and hydrologists able to model and predict river behaviour in response to human interventions (e.g., dams, embankments, pumping, river straightening, canalisation).
The emergence of sustainable flood management
In the US, TFM first came into question around the mid-point of the Twentieth Century (White, 1945) with criticisms taking four main forms: 1) technical management locks governments into perpetual support because the public becomes accustomed to protection from flooding (Tobin, 1995) ; 2) technical interventions are 'contagious' because up and downstream communities seek similar protection from floods (Smith and Ward, 1998) ; 3) the ecological harm done by disconnecting rivers from floodplains outweighs the benefits (Acreman et al., 2007) ; and 4) technical control transfers responsibility from individuals to the state, leading to the subsidy (i.e., through construction of protection measures and the provision of disaster relief) of high-risk private investments by the taxpaying public (Parker, 1995) . (Weinberg, 1967) and, in the short term, been successful. But recent floods have prompted researchers, practitioners, and publics to re-frame flood management, advocating socio-environmental sustainability (Dawson et al., 2011; Johnson and Penning-Rowsell, 2010; Johnson and Priest, 2008; Kenyon, 2007; Lane et al., 2011b; Pardoe et al., 2011; Werritty, 2006; Johnson et al., 2007; Kenyon and Langan, 2011) .
Natural flood management (NFM)
SFM fundamentally differs from TFM in its aims and in how effectiveness is measured, rather than in terms of the specific interventions employed. To be clear, embankments (Howgate and Kenyon, 2009; Werritty, 2006) rather than affecting the physical flow, height, and extent of floodwaters. This is a subtle distinction, as TFM practitioners would also claim to prioritise risk reduction, but in practice TFM uses the control of river behaviour as a proxy for risk reduction. Entwined within this debate over 'sustainability' is the use of natural features such as wetlands, river meanders, ponds, debris, and woodlands to more naturally, and ideally sustainably, conduct flood management: a group of techniques referred to as Natural Flood Management (NFM) (Pescott and Wentworth, 2011; Howgate and Kenyon, 2009; Pattison and Lane, 2011; Holstead et al., 2015; Pyle and Wentworth, 2014) .
NFM is connected to wider efforts to make space for water (DEFRA, 2004; DEFRA, 2008; Pyle and Wentworth, 2014) wetlands, rehabilitation of river channels, and re-forestation" (Howgate and Kenyon, 2009) , with the aim of extending flood management into catchments in order to re-shape water pathways . In England, NFM is defined as "the alteration, restoration, or use of landscape features" for the purposes of reducing flood risk (Pescott and Wentworth, 2011) , and is increasingly seen as part of a catchment-wide approach (Pyle and Wentworth, 2014) . NFM can be divided into four categories: 1) storing water, using ponds, ditches, and reservoirs to intercept water flowing into rivers; 2) increasing infiltration, using forests and other plants to increase soil saturation and evapotranspiration; 3) slowing water, using debris, woodlands, or shrubs to inhibit flow;
and 4) reducing hydrological connectivity, using buffer strips and wetlands to disrupt source-pathway water corridors (Pescott and Wentworth, 2011) .
NFM is incorporated directly into Scottish policy (Scottish Executive, 2009; Werritty and Chatterton, 2004) , and the Scottish, UK, and Welsh Governments have each begun (Pyle and Wentworth, 2014) . In the UK, perhaps the most influential comment on NFM was DEFRA's 'Making Space for Water':
"The results of the strategy will be seen on the ground in the form of more flood and coastal erosion solutions working with natural processes. This will be achieved by making more space for water in the environment through, for example, appropriate use of realignment to widen river corridors and areas of inter-tidal habitat, and of multi-functional wetlands that provide wildlife and recreational resource and reduce coastal squeeze on habitats like saltmarsh" (DEFRA, 2004) .
A premise reiterated in the influential Pitt Review (2008): "One flood defence measure which has proved to be increasingly successful is use of natural processes such as using farmland to hold water and creating washlands and wetlands. Keeping water away from urban areas and slowing its progress to minimize runoff proved successful in the summer". Non-governmental organisations are also effusive concerning NFM and the wider adoption of SFM (Institution of Civil Engineers, 2001; WWF, 2007a; WWF, 2007b) . In this context, NFM interventions tend to be interpreted as part of a wider agenda to restore wetland biodiversity and to realise multiple benefits from more holistic forms of environmental governance. However, the pervasiveness of control of water dominates how NFM is framed. As we will show in the findings below, NFM appears to have 
Natural flood management in development and in practice

Methodology: Scottish expert decision makers grappling with change
The research on which this analysis is based was funded by the UK government's Rural
Economy and Land Use (RELU) initiative and received additional funding from the Scottish Government. We analysed existing policy and conducted interviews with eight expert decision makers involved in shaping and delivering flood risk management in the Borderlands region. By expert, we mean that these individuals are responsible for decision-making, funding, studying, and assessing flood risk management in the region; they are members of an extremely small group of experts with power over flood risk management and, as importantly, responsibility for engagement and consultation with the public. Semi-structured interviews of approximately sixty minutes were undertaken to explore perceptions of flooding and flood management.
While the sample may seem small, the case study area is sparsely populated (in total approximately 130,000 people across nearly 5,000 sq. miles) with decision making power highly concentrated amongst these specific individuals. Our respondents, then, are not so much a sample representing some wider population, but a significant portion of the experts who direct decision making. This concentration of power is recognised within the literature (Kenyon, 2007) , and is well explained by one respondent:
"well, the context in [place name] is eighteen hundred or two thousand square miles, with only about one hundred and ten thousand people in it. It's a very incestuous type of operation. Everywhere you go you meet the same people and therefore there's a much greater scope for individuals to have influence" (Government Agency: 07/2011) 1 .
This view is echoed throughout the interviews and speaks to the influence of a small number of experts. We utilise discussions over NFM to show how decision makers are 
Finding 1: NFM as a 'good but contested' idea
Amongst the respondents, the prevailing interpretation of NFM is that it is a good but contested concept. One respondent provided a representative assessment "it's a good idea, a great principle, the idea that there'll be multiple benefits.
The concept that people can have this impact and should be looking to reverse it all makes perfect sense. It is a great concept and approach" 
Finding 2: NFM as a socio-political concept
According to the respondents, a critical aspect of NFM is that it does not correspond with expectations amongst the professional flood management community: it is deemed to be from another sphere. Respondents associated NFM with 'popular' (i.e., public) initiatives like river restoration, reconnecting rivers to floodplains, nature conservation, and allowing rivers to be 'more natural'. This characterization portrays NFM as an 'environmental issue' rather than as scientific. Public support for NFM, in this context, is interpreted as well-meaning but largely naive due to a misunderstanding of flood management: meaning a disconnection from an understanding of the physical nature of river systems and the control of flood waters. During one exchange, a respondent who regularly interacts with members of the public explains this view. When asked about support for NFM, they explain that members of the public are:
"putting it forward the whole time. Which is their role and their job, and it's our job to look a bit more objectively at those" (SEPA: 06/2011).
The socio-political basis of NFM emerges most often with reference to Scottish legislation, which acts as a touchstone for debate over SFM. One respondent explained:
"legislation will require that we see much more of that type of work [i.e. NFM] going forward in catchments so that we have a greater variety of measures being used to tackle flooding than we have used in the past" (Local Government 06/2011). 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 As a result of the lobbying, the Scottish government is said to have incorporated SFM into policy with the aim of 'working with nature': that is, by adopting NFM.
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Providing an economically-driven assessment of the English government's efforts to adopt more sustainable flood management, one respondent explained that NFM will eventually be accepted by the flood management community, primarily because expensive interventions are no longer justified. He stated that NFM "will get there [...] because costs are such that we're going to have to do more of this. You know, we can't afford big flood schemes anymore, so the time will come" (Government Agency: 07/2011).
Returning to NFM's social backing, one respondent described the tension between the public interests behind NFM with those of individuals responsible for flood management, explaining that NFM is "kind of common sense. You are returning the systems to a more natural state whereby floodplains are allowed to flood. You know, so it's quite a lot of common sense and that is the point: that there isn't a lot of science behind it (NGO: 04/2011).
NFM is made to sit apart from what is considered scientifically legitimate: not fulfilling the standards to which flood management is judged. This is not to suggest that alternate opinions are disregarded; the respondents clearly value public opinion, but they maintain a division based on a hierarchical interpretation of legitimate 'evidence', which for them places scientific and economic figures above personal and public perceptions. The debate In summary, within wider discussions of SFM, the respondents show that NFM interventions have support, but that they are interpreted as part of a socio-political movement that is impaired by a scarcity of 'legitimate' evidence. For some of the respondents, as a result, NFM is unjustified. Others, who appear more optimistic concerning NFM, explain this lack of scientifically valid information with reference to a deep hold of a framing that disciplines the flood management community. This view was represented in a reflexive assessment of river managers. "It's got limited take-up because when you analyse this type of approach it's difficult to demonstrate the benefits. It's hard to show that by putting in six leaky ponds and some willow strips and some grass and things that you're actually going to reduce the flood peak by three hundred millimetres. We have got quite a quantitative, risk averse culture within the [government] department; it likes to base things on analysis: what they call 'sound science'" (Government Agency: 07/2011).
Respondents, despite nominal openness toward NFM and sustainable management, appear to revert to preconceptions associated with TFM. The findings suggest that, for this group of practitioners in this location, TFM remains a key influence by providing the basis for assessing the legitimacy of alternatives. Most importantly, despite policy 
Discussion: what knowledge 'counts'
Our analysis shows that SFM and NFM are being judged using criteria, knowledge, and expectations associated with TFM (i.e., the framing). This is most clear with reference to the effect of NFM interventions on the stream hydrograph, but is most significant with reference to the need for evidence and what is accepted as legitimate evidence. TFM, then, remains dominant by shaping the context in which SFM is considered. The respondents, from this admittedly small but influential sample, show that the fundamentally different framing underlying SFM, and brought to the fore through debate over NFM, is perceived as outside or 'overflowing' the realm of professional practice (Donaldson et al., 2013) . The flood management experts have responded to this situation by developing tests and demonstration sites, with the aim of calculating the impact of various NFM interventions, but the most trusted metric remains the ability to affect river behaviour, rather than attempt to alter or amend the human-environment relations that produce risk. What is evident is a paradigm (Kuhn, 1962) of flood management that is coproduced by a science-based assumptions, by historical practices, by a concentration of power, and by pre-existing institutions, practices, and expectations.
The default assumption amongst our respondents remains that flood management is the affecting of river behaviour. With emphasis on river behaviour, White's (1945) differentiation between 'flood management' and 'flood loss/risk management' resurfaces.
What these practitioners show is that, in the parlance of the flood management community, if Risk = (Hazard) x (Vulnerability), then there is a bias towards 'Hazard' relative to 'Vulnerability'. Thus, the technical framing biases management by prioritising control of flood waters at the expense of considering flood risk.
Bias towards the physical behaviour of water undermines the potentially radical contribution of SFM by obscuring the possibility that the effectiveness of flood 
Experts and the public in the context of flood risk
The perceptions of expert decision makers are critical for understanding efforts to develop alternate forms of flood risk management: a necessary complement to recent analyses of farmer, community, and landholder perceptions Howgate and Kenyon, 2009; Rouillard et al., 2013; Rouillard et al., 2015; Spray et al., 2009; Kenyon and Langan, 2011) . Practitioners are especially important in this case, in which it appears that policy has evolved only to leave decision makers to reconcile existing expectations with interventions that do not align with professional standards.
While flood managers are essential stakeholders, they are also highly disciplined (Cook et al., 2013b) . Their authority is connected to existing practices, which during periods of change or controversy, places them in a precarious position. If all that was needed was refinement of current practices, practitioners would be ideal leaders, but the potential discordance implied by SFM suggests that the emerging debate is a fundamental critique of existing practices. For the respondents, the technical framing provides a stable basis for consistent and fair management, but the 'stickiness' (Waylen et al., 2015) of the framing requires further consideration.
If flood management is undergoing upheaval in line with that proposed by Werritty (2006) , then those accustomed to applying TFM will be significantly affected if/when it is replaced. It should be expected that their dependence on the existing framing would (Kuhn, 1962 ).
This resistance is not emotional or self-serving; instead, it is rooted in logic, rationality, and the desire to continue 'doing a good job' (Johnson et al., 2007) , and is therefore a much more challenging barrier. Recent flood disasters in Scotland and England have drawn attention to flood management and to debates over alternatives. While these debates centre on practices such as dredging and embankments, they are also rooted in values and, less explicitly, in assumptions concerning what flood management is or should be.
Conclusion: the future of flood risk management
This case is an example of the type of debate that arises when a framing founded on sustainability is promoted as an alternative to an existing, technical framing (Johnson et al., 2007) . With recent floods and calls to improve management, further debates loom.
Our case shows that the individuals practicing flood management, as well as their framing, should be incorporated into the growing literature exploring flood management.
Despite Werritty's (2006) suggestion that SFM is part of a reconfiguration of flood management, we observe that there has been little movement in the practices of these decision makers, though a receptiveness towards critiques of TFM is evident.
Johnson, Penning-Rowsell, and colleagues (Johnson and Penning-Rowsell, 2010; Johnson et al., 2005; Penning-Rowsell et al., 2014) have contributed greatly to discussions of floods and policy change, addressing the common assumption that disasters trigger fundamental changes to policy and practice. Lane et al. (2013) have responded by problematizing the assumed 'revelatory' role of disasters, arguing that risk researchers must focus equally on the ability of systems to reproduce themselves. argue that the periods 'in between' events are at least as important as specific to be closed-down for failing to meet expectations. In both scenarios, the centrality of the decision maker and events are critical, as are the everyday practices that shape the context in which flood events occur.
Calls for SFM must overcome the persistence of an existing, though often implicit, framing (Cook et al., 2013b) . With this situation in mind, calls to incorporate or refine existing practices are shown in a different light: with the viability of alternatives judged according to pre-existing criteria rooted in TFM. It bears repeating that in this case study, the persistence of TFM is evident not simply in terms of interventions and behaviour of catchments -embankments, dams, and river straightening will have a role in any flood management strategy -but through the establishment and maintenance of the criteria that determine 'what flood management is', 'how it is informed', 'how it is practiced', and 'how effectiveness is measured'. Turning to the debate over NFM, despite its outward appearance as aligned with SFM, it appears more accurately to be a reassertion of TFM using more natural interventions.
We conclude that in discussions of regulatory change pertaining to flood management, we require further accounting of the perceptions that discipline the policy-practice relationship. This is particularly important when considering the two-fold issues of rapid policy change (Johnson et al., 2005; Lane et al., 2013) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
